Dynamics and thermodynamics of a nickel uptake from a water system onto the blast furnace sludg by Rađenović, Ankica & Medunić, Gordana
 	



 !"#$ &'()!* !"#$*+ "#,(-./& ,(
+)*! 0 &()$$&(!*&*&'(1- $&+.) #($-.2(
34567898:;<4=>67

?@=A:848B<:C467
D
 1$&) #&
EFGHHJKLMLNHOPGQNHJFNKHNRSQTUHJSKPVUONHTKLWNXYZ[\SRPJFNPN]R^UTRSJR_GO` GXa\GRVHSPR]UbUJNPHMHJN]c
YTUHJSKPVUONHTKLWNGHUQMdePRLKOJUVLUbUHJN]UJNPGUTRSJFNHJNNT]UfGVWGVLKHJPMcgFN]GOUTUVL]GVNPUTRWGOUT
OFUPUOJNPGHJGOHRSYZ[UPNLNJNP]GVNLQMijklkmnmopqrostjuvwxyzzykmumostjuv{y|juqlykmxrl}koz~EFNHKPSUON
UPNUePReNPJGNHUPNLNJNP]GVNLQMJFNYPKVUKNPd]]NJdENTNP]NJFRLcEFNULHRPeJGRVGHGV^NHJGWUJNLGVUQUJOF
ULHRPeJGRVHMHJN]GV^GNbRSGJHfGVNJGOHUVLJFNP]RLMVU]GOHcEFNfGVNJGON_eNPG]NVJHHFRbJFUJJFNULHRPeJGRVePRd
qrzzkkzuzrpoktzrqkmokjorjxkor~}ruozkjlykmxrq}umyzxyzymrzlyulrovymljutujlyqroy|pzykmumo
YRMLdNGOFNVQNPWfGVNJGO]RLNTHcEFNP]RLMVU]GOeUPU]NJNPHXUOJG^UJGRVSPNNNVNPWMOFUVWNUOJG^UJGRVNVJFUTeM
OFUVWNUVLUOJG^UJGRVNVJPReMOFUVWN\PN^NUTJFUJJFNULHRPeJGRVRS`GXa\RVYZ[GHHeRVJUVNRKHN_RJFNP]GOUVL
q}rxyquymmulpjr~}rjrzplzzprzll}ulyzumymrrmzyrumorqyrmluozkjrmlkjl}rjrxkukyn
GRVHSPR]UKNRKHHRTKJGRVHc
NMbRPLH]NJUTKPWGOUTbUHJNQTUHJSKPVUONHTKLWN`GXa\ULHRPeJGRVfGVNJGOHJFNP]RLMVU]GOHc
NONG^NLZNQPKUPM
OONeJNLKTM
RKPVUTRSgFN]GOUTENOFVRTRWMUVLNJUTKPWMd

VG^NPHGJMRS UWPNQZUOKTJMRSNJUTKPWM
TN¡UVUPRLVGFFNPR¡U¢¢[GHUfgPRUJGU
d]UGTPULNVR^U£HG]NJcFP

VG^NPHGJMRS UWPNQZUOKTJMRS[OGNVON¤NeUPJ]NVJRS¥NRTRWM UWPNQgPRUJGU
"&)*.#&"*
¦§<A8¨6:64:C©ªA68«6¬8ª6=4§8©©<A6=C©«­7=4ªA6®¯
Cª<:ª=ª§<A<«<8©<=°ª=±67§<8>­²<ª8«©ª=³8ª<A84:
³8©ª<³8ª<A´µ¶·¸¹¸·¸º»»½¶¾¿»Àº·ÁÂÃº½Ä ÁºÅÆ¸ÆÇÈ
·¿ÆÆ¸ÆÇÈ¿ÇÁ¸¶½Ã·½Á¿Ã¿¶·¸¹¸·¸º»ÈÄ¸Æ¸ÆÇÈÀ¿¸Æ·Ä¿Æ½¯
É¿¶·½Á¸ÆÇÈºÃº¶·ÁÂÀÃ¿·¸ÆÇÈÊ¿·ºÁËÄ¿Æ½É¿¶·½Á¸ÆÇÈ¶¾º¯
Ä¸¶¿ÃÀÁÂÌ½¶·¸ÂÆ¿ÆÌÄº·¿ÃÀÁÂ¶º»»¸ÆÇ¶¿ÆÆ¸·ÁÂÌ½¶º
ª=±67©C®©ª847<©64°=A²=°§<8>­²<ª8«7=4ª8²648ª6=4´
B<ª8«©©C7§8©«<8:?78:²6C²?7=¨ <¨A?8A©<467?4675<«?
¶¾ÁÂÄ¸½ÄÈÍ¸Æ¶¿ÆÌÄºÁ¶½ÁË¾¿¹ºÊººÆÁº¶ÂÇÆ¸ÍºÌ¿»
¾¿Í¿ÁÌÂ½»¾º¿¹ËÄº·¿Ã»ÎÏÆÃ¸ÐºÂÁÇ¿Æ¸¶Ñ¿»·º»È¾º¿¹Ë
Äº·¿Ã»¿ÁºÆÂÆÒÊ¸ÂÌºÇÁ¿Ì¿ÊÃº¿ÆÌ·¾ºË¶¿ÆÊº¿¶¶½Ä½¯
Ã¿·ºÌ¸Æ·¾ºÃ¸¹¸ÆÇ·¸»»½º»¶¿½»¸ÆÇ¹¿Á¸Â½»Ì¸»º¿»º»¿ÆÌ
:6©=A:<A©Óª§<A<°=A<ª§<­²C©ª®<A<²=><:¨A6=Aª=ª§<6A
Ì¸»¶¾¿ÁÇºÔÕÈÖ×ÎØ¾ºÄ¿¸Æ»Â½Á¶ºÂÉÆ¸¶ÐºÃÀÂÃ½·¸ÂÆÂÉ
³8ª<AA<°<A©ª=ª§<64:C©ªA68«¨A=:C7ª6=4¨A=7<©©<©©C7§
¿»Ç¿Ã¹¿Æ¸Í¿·¸ÂÆÈ»ÄºÃ·¸ÆÇÈÄ¸Æ¸ÆÇÈÊ¿·ºÁ¸º»Ä¿Æ½É¿¶¯
·½Á¸ÆÇ¿ÆÌÄº·¿ÃÅÆ¸»¾¸ÆÇÎØ¾º¾º¿Ã·¾ºÙº¶·»ÂÉÆ¸¶ÐºÃ
Æ¸¶Ã½Ìº¾¸Ç¾ºÁ¶¾¿Æ¶º»ÂÉ·¾ºÌº¹ºÃÂÀÄºÆ·ÂÉÃ½ÆÇÈ
4=©<?«8A­4±84:A<©¨6A8ª=A­°86«CA<8©³<«8©®6Aª§
:<°<7ª©´Ú<Aª8647=²¨ =C4:©=°4675<«§8><®<<4«6©ª<:
¿»¶¿Á¶¸ÆÂÇºÆ¸¶ÔÛ×Î
µÌ»ÂÁÀ·¸ÂÆÈ¿ÄÂÆÇ·¾º¹¿Á¸Â½»¿¶¶º»»¸ÊÃºÑ¿·ºÁ
·Áº¿·ÄºÆ··º¶¾ÆÂÃÂÇ¸º»È¸»¶ÂÆ»¸ÌºÁºÌÀÁºÉºÁ¿ÊÃºÌ½º
ª=6ª©7=4><46<47<?<8©<=°=¨<A8ª6=484:©6²¨ «676ª­=°
Ìº»¸ÇÆÎÜ½Á·¾ºÁÄÂÁºÈ·¾¸»ÀÁÂ¶º»»¶¿ÆÁºÄÂ¹ºÝÄ¸Æ¸Ä¸Íº
Ì¸ÙºÁºÆ··ËÀº»ÂÉÀÂÃ½·¿Æ·»¿ÆÌÑ¾¸¶¾¸»Ñ¾Ë¸·¾¿»¿
Ñ¸Ìº¿ÀÀÃ¸¶¿Ê¸Ã¸·Ë¸ÆÑ¿·ºÁÀÂÃ½·¸ÂÆ¶ÂÆ·ÁÂÃÔÞ×Î
ß4:C©ªA68«³8©ª<6©8«©==4<=°ª§<¨=ª<4ª68«­«=³¯
7=©ª8:©=A®<4ª°=Aª§<A<²=>8«=°§<8>­²<ª8«©°A=²
Ñ¿·ºÁÝÑ¿»·ºÑ¿·ºÁ»ÎàºÆºÁ¿ÃËÈ¸ÆÌ½»·Á¸¿ÃÑ¿»·º»¿Áº
ÇºÆºÁ¿·ºÌ¿»ÊËÒÀÁÂÌ½¶·»Îá¸Æ¶º·¾º»ºÄ¿·ºÁ¸¿Ã»¿Áº
ÃÂ¶¿ÃË¿¹¿¸Ã¿ÊÃº¸ÆÃ¿ÁÇºâ½¿Æ·¸·¸º»È·¾ºË¿Áº¸ÆºãÀºÆ»¸¹ºÎ
ä¿Á¸Â½»·ËÀº»ÂÉ¸ÆÌ½»·Á¸¿ÃÑ¿»·º»»½¶¾¿»åË¿»¾È¸ÁÂÆ
¿ÆÌ»·ººÃÄ¿Ð¸ÆÇ»Ã¿Ç»ÈÊÃ¿»·É½ÁÆ¿¶º»Ã½ÌÇºÈÑ¿»·º»Ã½ÁËÈ
 	



 ! "#$%$ " &'($ " 
)*+-./010020345670+8679-0:790;-2:;.580.<:1:5:9=
8679-070)6/.568963:;-0./=)09.5<876);629.):2.90+
>$("?@ABCDEF("' >$'("'#& %"&'" $'>B
#'($ '%"('(">GH "$(>BF $ H$($"
"'G"#(((""HI"($G("#(EJ'(("
K.<90).907:.5</65*)0;6*5+104.795=+0;70.<0+L.2+
<0;62+5=M9-056KM;6<9.+<671029;.270+*;09-0K.M
'(">$("'G&($($"$'$%"#'(?NDE
O$'(F&$#"'& "OJP'$%BG &#(F("
'(""I$Q &'(ER"$'"'""$("  &("
I$&F$#(&"FG#$$ &'($ >#'#"M
.20+47:6796:9<7050.<0:29-0.9)6<4-070ST-0;6.7<0
G$(#"'(""!$&'($'"'$""IH" %G$''
("$'"'(&$$"" #$I%"ER"H"#(
F$'"''" &#" ($>("'"(F(" &'($ 
.2+9-0K.<90).907:.5:<;650;90+.<.15.<9M8*72.;0
 &'(ER"U"G$(#"'>#"I$("$'$"
70)6/0+:2K09<;7*1107<V9-0K.<90).907:.5;650;90+
""'OJP?WDE
R'G$G"G"'"('(""'"$#FX'&GM
($Q"&'OJP$'$G("($"!G"'H"$ '%"(
.465*90+K.907970.9)029<=<90)ST-0:)4679.298.;967
("$ 'G(''("I' "'"F"'(("G" #(
689-0.+<6749:62+=2.):;<.2+9-07)6+=2.):;<S
YZ[Y\]^ Y_` ab
cdefgijklemnfdjopnfeqrdn
sOJP'$IG">$'#"#(" FI("t$($
$ '(""I$QF$#(ER"I$''FAQ>$'M
I"u" I$&$EJ("$$''$"G"'"($(H"
'$IG"FOJP>$'%($" %$v&$("("#v&"E
(>$' " $(@wAxtFy$ '"H" (G$(#"'u"
zA{|IER"#"I#$#IG'(F("& " 
<.)450K.<+0907):20+1=}76962~2+*;0+M7.=):<M
'$ &("F O$#Q'#$("PG"(I"(
OP("#v&"'E"$G$'"#IG'(>$'
 "("I" %B$ $#($$''&'
$G'@C@w $#(I"(">(t&

7.+:.9:62S
T-0<*78.;0.70.4764079:0<K070+0907):20+1=9-07*M
$&"BII"(BR""ORI"( &'#I"(#'
sPswww$ 'G('(&I"(E
aofkrglnrnkqnlg
R"$ 'G(F#Q"'FI$$v&"&''&M
(OJP>$'G"FI" &'$%$(#("#v&"E
'($ $ '&(#($@wwwIFX>$'
G"G$" % ''H:5

{

K:9-+0:62:0+
K.907S""(($##"($('FX'&('
>""G"G$" %(" &(F@wwwIX'($ $ 
<65*9:62S
J"$#"!G"I"(AwIF("#Q"'&(F
$Q>##"($($FI@wwI(Aww
I$ $Q>$I&(F("$ '%"(wEA
>""G$#" $@wwI##$$'QER'I!(&">$'
$($(" $("IG"$(&"B#(" '$Q"$($#'($(
'G"" F{wGIFEAEs(&(""!G"I"('
>""G"FI" >(("(I"("H$'FIwByN
(""v&%&I>$'"'($%'" >(yER"
$ 'G(Q"(#'>$' "("I" %$$u("
$ 'G(H"&G($Q"F("#Q"'FI("$v&"&'
'&($( ""((I"("H$'ER"("IG"$(&""FM
F"#(("$ 'G(#$$#("'(#'>$'H"'($(" 
% "("I("$ 'G($(W@$ 
ET-0<*<402<:62619.:20+:29-0;6*7<0689-070.;9:62
>$'U("" $F("('#IG"(&'-.9).2U("
G$G"XEyyER"'&G"$($(>$'$$u" 'G"#(GM
(I"(#$FX##"($($(GFCEN
F>("'($ $ I"( F>$("$ >$'(">$("
"!$I$(?@wDET-0*49.0/.5*0<K070+0907):20+
$'$ ""#"%"(>""("($X##"($(
.2+9-0620:29-0<*4072.9.29S
T-003407:)029<K0707*2:297:45:;.90*2+07:+02M
9:;.5;62+:9:62<96;-0;9-0.2.5=9:;.570476+*;:1:5:9=
 &("##"($(I"$'&"I"('$ ("$H"$"
/.5*0<K0707046790+S
\Yb`a_  ]¡]¢_
¡£ekemgnk¤eglic¥feqrdn
T-070<*59<68;-0):;.5;6)46<:9:62<-6K0+9-.9
OJP' I$(" %¦yE§$ t@ECy§
F>" %P{§¨yEA§X$§s§
J"W§t$§@§%wWW§w{{
§w{{§Pw{§w@y§twwA§
RwwA§t&ww@§"(#ER"I"$#$M
H"("H"$" ($(OJP' I$(" %$IG&'
G$'"C{E§#IG'" I$F("#Q"$ "''
;7=<9.5:2063:+0<L;.7162.90<67-=+763:+0<68)09.5<©
.

J"


y
L5

P


A
¦
y
¨ t¦

t$t¦


ªP¦

ªJ"



$ ªJ"E
R"F& $I"($'U#$(F"$(&"F("$ M
'%"('"F"'(("G'($ &'&$
<*78.;0.70.ST-.9:<K-=9-0:7)6<9:)4679.29;-.7.;907:M
 	



!"#$%&'#$(')"*'$+,"-(')"."!)/+'0
123467381439:;<3634;=9673>83?:@?>A4B;?3;43;C
D&"#!')('0#(#"#0/")"$#"!'&"+)E#"
;43;8418346:3>1BFGHCI732;JA31BFKI>A4B;?3;43;L
M
N
L:>3OA;J61PQCRS<

TUCV6?1AJ9W33X8J;:=39WY673
@=3ZU4;:=398;46:?J3>:[31BFGH;=9:6>8141A>=;6A43C
I73616;J814321JA<3\QC]=< P^__=<` :>?;J?AJ;639
#&")"$#*"()"+)"$'"'#+)#'00&"#!')a
86:1=W4;=?7Y:3J9:=Ub
N
dQe]fQ_
P^
,

TUCI73;234;U3
(')"!#,"")-gL;<1A=661Q]Chh=<Ci??149:=U61
I;WJ3QCj:=36:?<193J8;4;<3634>B14673k:\V`;9>1486:1=1=61673FGHC
j:=36:?<193J V=:6:;J?1=?3=64;6:1= l;4;<3634 m#$+"
Qe_<UTn o

LQT7
O
3\67314C`
d_CepSS<UTU
O
3\3X8C`
dQPC]Q]_<UTU
qrstguvwxyrzuygsy {

Pe_<UTn o

LQT7
O
3\67314C`
d_CSeR_<UTU
O
3\3X8C`
dPSCS_P_<UTU
{

Qe_<UTn o

LUT<U7
O
3\67314C`
dQRCpRe<UTU
O
3\3X8C`
dQPC]Q]<UTU
qrstguvrs|u}guygsy {

Pe_<UTn ~

LUT<U7
O
3\67314C`
dP]CPQPR<UTU
O
3\3X8C`
dPSCS_P_<UTU
{

Qe_<UTn o
!
L<UTU7
QTp
ssyvuyyxr {


Pe_<UTn ~
!
L<UTU7
QTp
{


_CQSP
_CSPRQ
_CQQ_S
_Cp]pP
_C_RS
_C]_
_C_p]
_Ch_
QC]pP]
_C]__
RL]S]R
RCSe]R
_CShP_
QPC_hP
 	



 !"#$%%#&'()
*+,-./0234556724869:;8<=>9?=59@8<=>9?9A5B48=?643
4?=2345567=C6:8<?==D?9A>5EB62?9>9?=5*F6C8<CGH
:B0;B=59>9?=5*H:BGCGIJ:B04:CB42?9>9?=5
*CKIJ:B0LMNO=:2=;PQRB4ST=29:56C=?=C4
'(%"('U
VWXYZ[\]Y^ W` a^b]cX
(de#(%#)'f(("( " 
#(f% (""%deff(
(#f' #(g(#h("
 fUi(()f(f"j(%(
 #(% '( '("g)%"(
4C59?T=:855A2<45PQRNk<=7?589@8<=5=658<=TA3l
C6mA569:F<62<A5A43S<4>>=:5484@458=??48=Nk<=
e9A8=?C6mA569:*73BC6mA569:04:C>9?=
C6mA569:Ni(e( (e'((()
4C59?>869:?48=LH;MN
#(g('f(' (%
>?92=554:C8<=>98=:8643?48=29:8?936:D58=>;8<==n>=?6h
B=:843C4844?=8=58=CA56:D8F98S>=59@l6:=862B9C=35;
:4B=3S?=42869:oT45=C4:CC6mA569:T45=CB9C=35LpMN
Vq]^r\]cX\sW`
Q6DN5<9F58<==m=289@8<==tA636T?6AB86B=9:
8<=4C59?>869:?48=9@u6*+09:PQRN(g(j#
'" #(g#fd(f((e
f( ff#ff
86B=NQ6DN5<9F58<488<=?48=9@u6*+0A>84l=65v=?S
?4>6C@9?8<=6:6864329:8428>=?69C9@p<Nk<=?=4@8=?;8<=
fd"%d%f((%f#(j)(ew#
7:43S?=42<=5548A?4869:Nk<=548A?4869:86B=65@9A:C
89T=Hp<6?=5>=286v=9@8<=6:68643u6*+029:2=:8?4869:N
ie#)"(#df'#('%)#x%
5936Cy36tA6C4C59?>869:4542<=B6243?=42869:?=@=?898<=
>5=AC9o7?589?C=?l6:=862B9C=3*z4D=?D?=:B9C=304:C
8<=>5=AC9o5=29:C9?C=?l6:=862B9C=3*O9B9C=30=nh
>?=55=CTS@939F6:D56B>367=C36:=4?=tA4869:5LI;{ME
.>5=AC9o7?589?C=?l6:=862B9C=3E
|}~



|}



 *0
$%("#h(f##df'#














*H0
e

(=tA636T?6AB4C59?>869:24>4268S*BDyD0;


('" fd(#(g#)'
*BDyD0;658<=86B=*<0;

(f( 
>5=AC9o7?589?C=?4C59?>869:*y<0;e

(
29:584:89@8<=>5=AC9o5=29:C9?C=?4C59?>869:*DyBD<0N
Q9?B4:S4C59?>869:>?92=55=5;8<=>5=AC9o7?58
9?C=?l6:=862565@9A:C4C=tA48=9:3S@9?8<=6:68643HJ
B6:89JB6:9@8<=6:8=?42869:86B=TA8:98@9?8<=
F<93=29:842886B=?4:D=N-4?4B=8=?5

#

fg
=v43A48=C@?9B8<=D?4><9@3:*t

ot

0v=?5A58*Q6DH0N
+@458?46D<836:=659T846:=C;8<=:8<=4C59?>869:@939F5
4>5=AC97?589?C=?l6:=8625B9C=3Nk<=v43A=59@





fj"(
~
w4:C8<=29?=34869:29=h
f

(#igUfg(
29?=34869:29=26=:854?=:98<6D<;F<63=8<=4D?==B=:8
ge
~
#



654359:9854865@S6:DN
 #(%()(' e(%("#h(f#
Q6DNN.C59?>869:l6:=8625@9?8<=4C59?>869:9@u6*+069:59:898<=PQRN
 	



!"#$"%&'$(#$()$*"+"$"#,&$-+)./$$(
%(+"%)*)&-$"#0("%("#1*1&1)*#%./%&$(2,(
&()"#,3%()#,/*%$#&4$0#$()&4#$)#
5679:;<=>957?@67A9BC<5<DEFG
E
H7=;I;E;6<IC:>7CKA79=
9A:L
M
9A:G
N
O9A>7:757=PKA7:D=<P567KA57=O7B59A:567
&*-/$(,)-(QR",STUSV(%*)$"#%W%"#$QX
Y
U
1)*2&/$(*"#)-*$&QR",STU'4$)"##$(,2#
<D567B;7I:<Z;7O<A:<=:7=P<:7C[9=7H7=\OC<;75<]
Q^S__` )^#^ S__a^'V)4*USV($($"%)*)#$(
7bB7=KP7A59CG
7
1)*2&&(0$(4&$),+#$Sc#%'
"$%)#4%#%*2$()$$()&-$"#/d"QeU"#&
#fRg-%&"#)%%)#%0"$()-&2h&%#
<=:7=iKA75KOP<:7C?
jklmnopqmrtuvwxrqlt
yA<=:7=5<7;59>CK;6567P7O69AK;P<D567;<=B5K<A
-%&&)#$(-$#$")*)$%#$*"#,&$-'$(3-"Z
+#$)*)$))$&$2&"#,$0$.-&/!"#$"%+*&'
#)+*.)%$"#h4)&)#"z2&"#h4)&+*&{|S
}*#,0"$($()&-$"##$(2$&2/)%/$(
9:;<=>7A5;[567=7K;9C;<9B<;;K>KCK5\<DKA5=9B9=5KOC7
"z2&"#/+$(2$&2/)%"#$$(-&/$(
R",S~S&2h&$-*$/d"QeU)&-$"#!"#$"%&#$$(fRgS
R",STS&2h&%#-*$/d"QeU)&-$"#!"#$"%&#$$(fRgS
 	



 !"#$%&'()* +'&,&
#&"*#*-.%'/012
3
46
7
89:
4
;<=
>? (@,
ABCDC?FGHBCFIHCDJCKHLABFMC7
89
FGHBCFIHDNKNDHFJMC
#$%&'"'&(OPO
PQ
,
RBCKMSH3
4
TCDGUGH
PQ
&'%#*""'#O'
&'#!"O!"#$%&'&
FITSMTCVFIHBCNVGSDKHFSIKDSJCGGWXYHBCGCMFICGKNGG
'%O'OZ!"#$%&'&
 "''O&!/[1\]!'&#''!&&'%O
'O(^ &'_',Z!"#$%&'&
''- O&!Z#&''`"
aSVCMGJNIGFaUMHNICSUGMbVCGJDFcCHBCNVGSDKHFSIDNHCW
!]'!"#$%&'Z7
89
L
JNIcCJNMJUMNHCVYDSaHBCGMSKCSYHBCMFICNDKMSHWRBC
FIHCDJCKHTNMUC?Od&]''*'%"`&&
']*'%#--O"!ZOe
*'%#--$"&/fZQg1d%&SY
7
9
(OPO
PQ
,]O'i(\,#&'!''jkl
&#]'&'!']!''].(OPO,d&%&4
;<=
(kOm,d%&']7
89
NIV?NDCKDCGCIHCVFIRNcMCnW
o&"*&]'kOmZ!'3
4
TCDGUGH
PQ
FG
'.%Z##'&'!&&'%O'Op
&&!"#$%&'&''-
 O&!o##'"'q'']&
&%&&'*#%&Oj'-# r"*O`"
'#/QZQQ1#&"*#*-]''sO.%'2
,t!(,
u
(n
v
4
wx yyz
{
(m,
ABCDCx&]"''].%*%
HFaC4|x}3
H
<3
C
,Zsw
H
FGNaNHBCaNHFJNMYUIJHFSISY
x^'&#O3
4
NIV3
~
NDCHBCNVGSDcNHCNVGSDKHFSI
.%&4#.%*%Z&!"d-Z.
(m,"*O#']''sO]'2
w
H
gmf00(x, (,

4
uQ[@[@Q[ffkuQ[@[(gm0gk,
PQ
(u,
RBCTNMUCSYw
H
&'*#*-!!-O.
(,sk(,g['.(u,sk(,g[
o&&'skOZ!'&w
4
4#&!-!'q&Z
*%#''!&&'%O'O&&%&#"
q #$%&'"''&#&'!'
*OO']#&'!'Zs'"&&
&%"& !"#$%&'`'d#"''
&%*&.%-#&'!'

RBCHbKCSYHBCNVGSDKHFSIINHUDCLKBbGFJNMSDJBCaFe
"Z"*d%#*-""%O"d'O-
NIVHBCHBCDaSVbINaFJKNDNaCHCDGWRBCDNHCJSIGHNIH
']&%'-!']#&'!'"'(7
;
SD
7
=
,&t!&&#&]%"'']!%/Q@1*-
o%&.%'(.0,2
76~|

< (0,
kOm\!" #$%&'!'']i(\,#&'!'`"&''jkl
 	



!"#$%&'()*(+,(-./#01#-23456%7#-.0#+#+0#
0*("8
9:;<=>?@BCDEF
G;<:<H>@E;<:IE<JD=@EI=EKL70*(1-(MN(+)$16)0#-OP
Q
70*(6)0S60#+(+(-$#10*(.-#)(773TUVW#/5OX>@E;<
N+S(-76/67)#+706+03UVW#/Y5OZ*/([>@E;<E<\B<:I]
0N-(3Y5^*(/+H
_
S6/N(76-(./#0(%66+70`a[35O
6+%0*(6)0S60#+(+(-$71#N+%(MN6/0#bcbTUVW#/
*^(6)0S60#+(+(-$#1.*$7)6/6%7#-.0#+7N7N6/$
de/#0#1/+3T
f
V^5ghV^
+#W#-(0*6+ciTUVW#/O7+)(0*(1#-)(7+S#/S(%6-(
Z(6T^*()*(W)6/6%7#-.0#+77.()j)6+%+S#/S(7
WN)*70-#+(-1#-)(7^Z#0$.(7#1)*(W)6/6%7#-.0#+
6-((+)#N+0(-(%O(6)0S60(%6+%O/(771-(MN(+0/$O+#+]
IJE>kIE<lFm=JI@<DnIJE>kIE<lJ;<\>JICIl@D:BE>D=E;<
-60(S6-(7Z0*0*(0(W.(-60N-(3+6))#-%6+)(Z0*0*(
o-*(+N7(MN60#+5-(MN-+6j+0(6)0S60#+(+(-$
-6++,(0Z((+pc6+%pqdTUVW#/rics
t;<<=E:DBuI=l<=E;ICBuDnIJE>kIE>D=I:<<kIC?IE<l
ri!s,$0*(v$-+(MN60#+3vMp5w
xyzH
_
a[{|xyzH
}
~

V'5

aX[{ 3p5
G;<:<H
_
>@E;<:IE<JD=@EI=EKH
}
>@E;<DCE\I==JD=]
706+03UVY5O70*(e/6+)T7)#+706+03UV75O

>@E;<
(+0*6/.$#16)0S60#+3TUVW#/5OZ*/(

>@E;<<=E:DBu
#16)0S60#+3UVW#/Y5^*((+0*6/.$#16)0S60#+O


O7)6/)N/60(%1-#W0*(7/#.(3V'5#10*(/+(6-
%(.(+%(+)(#1/+3H
_
a[5S(-7N7`a[3d5OZ*(-(670*(
<=E:DBuDnIJE>kIE>D=K

K>@JICJ?CIE<ln:D\E;<JD:<]
7.#+%++0(-)(.0r/+3H
}
a538

V'5s^*(1-(((+(-$
DnIJE>kIE>D=>@B:<@<=E<lu






3b5
t;<kIC?<@Dn

I=l

DnE;<Il@D:BE>D=B:D]
)(776-((MN6/0#bpTUVW#/6+%p!UVW#/YO
:<@B<JE>k<CuFt;<DEI>=<lE;<:\Dlu=I\>JBI:I\<E<:
S6/N(7O+)/N%+0*((+(-$#16)0S60#+O7N(700*60
)*(W7#-.0#+%#W+60(723456%7#-.0#+#+"8^*(
+(60S(S6/N(#10*((+0*6/.$+%)60(70*((#0*(-W)
=IE?:<DnE;<Il@D:BE>D=B:DJ<@@Ft;<BD@>E>k<

kIC?<
)#-(7.#+%70#6++)-(67(#10*(%(-((7#11-((%#W
600*(7#/%/MN%+0(-16)(%N-+0*(.-#)(7770N%(%
S(-1$+0*(#+&()*6+(6%7#-.0#+W()*6+7Wris
t;<

S6/N(73qObTUVW#/56-(1#N+%+(60S(+%]
)60++0N-+0*600*(6%7#-.0#+.-#)(7777.#+06+(#N7
I=lE;<:\Dlu=I\>JICunIkD:IC<F

t;<¡>=<E>JBI:I\<E<:@DEI>=<l@;DGE;IEE;<
6%7#-.0#+#1%77#/S(%+)T(/#+7#+"8.-#)((%7
>=IJJD:lI=J<G>E;IB@<?lD]@<JD=lD:l<:\Dl<CFmE>@
)/(6-0*600*(W()*6+7W#12345#+76%7#-.0#+#+
"8+S#/S(7)#W./(.-#)(77(7+)/N%+#N0(-3j/W&
%¢N7#+56+%+0-6&.6-0)/(%¢N7#+7^*(S6/N(#10*(
6)0S60#+(+0*6/.$S(-j(70*((#0*(-W))*6-6)0(-
#10*(.-#)(77^ *(+(60S(6)0S60#+1-(((+(-$
 	



 !"# $!%&
'()*+,-./0+1240*0+)')*5067)80/-'(0',9'()02'150:
!;"<;; !!$! =!>?@
 $!ABC%
? DE<$$ ABC "D<$#!FE
1,/8*)+,506G.'()81+46)G0'2(4*,2)-7*)HI'02'808
0/06')*/0'15)',+,*)2,8'6.0-8,*G)/'8H
JKLKJKMNKO
PHQHR(+0*7SS0+0/TI/-78'*106U08')8086,U:2,8'
4,')/'1060-8,*G)/'89,*'()'*)0'+)/',9U08')U0')*
60-)/U1'(()05.+)'068TR-5HV,6,1-HI/')*902HT
WWXYZX[W\]^%
Y%C%_ E !X`%a <Xbc!de! $!FE
 $! < E $$!$eE!XD!
0/-5)*+12761')fgh0+1/0'1,/,94*,2)8840*0+)')*8T
F!! $!Xi%j e $%_ %XY]Y\Y][X
YZ[XkYl\kW%
[%b%m nc!oXi%_ E! Xb%pF EqXmc E#
=!>?@# r<<E<!D"Ed\ $DX
&jE!!b  `c!XXYZX
Z^\YZ%
k%s%a%t< X?%bE!X`c! Eu vb$c 
! X$! ! $"E!;X`Ec!X
b$ XYZ[%
]%A%w XC%x F Xx%C%m%m$$"Xs%=%_! Xb
cc!d#<!E!e !#E ; $E<$;#E
!$<!Xm<%yc%m"%X]ZXYZZXkZ\]%
W%b%pF EqXb%m nc!oXi%_ E! Xz#d 
 $$<#!#=!>?@# r<<E<:
!Xy %_ E%{< %X]ZXYZX[\^%
%b%m nc!oXt%_$<!oX&%CE!oX&<#
E $E#< E ;#c E#| c E
!<#  r<<E<!X_ E%m%
&E%X[XYZWXWZW\W%
l%b%A  ; X_%C!E }}Xz!E!e !# ;\
1/-78'*1060/-+7/121406U08')+0')*1068084,')/'106
0-8,*G)/'89,*U0')*'*)0'+)/'~R*)51)UTV()+H
`;%i%X]XYZZXY\Y^W%
%^i%_ E! Xb%m nc!oXa!!b#_:
"EAE<b$!AE B< CE<$;X
y%A!%`;%{%XYlXYZkXk^\k^l%
Z%i%B!Xj%tX; ! ;#   E":
!X`%_FXw  $X^%
%m%y%A  EXi%A%wXB%CFE!Xb!c DX
_ EwFFX=dFX^ll%
PHa%a%C!;Xm%m ;!XC%j%j  Xmc E#
 $!<#d d <!; ;!<E< Ed 
!E!Xi%j e $%_ %XbYXYZZ]X]\
]l%
[%a%y ! " XC%$E Xb$!#| c E
!<<!; $d$  EE<!$ !
# E!!!;X`c!%&E%X[XYZZX
k^]\]Z]%
k%y%A E X?%sE#Xw%A!ED Xy!<>s?@c E
# r<<E<!D"<E!D  !\|:
 ;!d!;E<<Xy%?$%y%
`;%{%X^XYZ[XW]\WYl%
]%C% ;;XbD<"#\ E$ $:
!#E<DE<D Xa<;E!; CcF 
sF  F $!j $E!; XYkXl^lX\[^%
W%t%_a "X%C%jXx<$\$$$E#
!Xx%A!%X[kX^^^X
k]\kW]%
%u%i%i%uDXi%y%_!Xa!!# $!
 D#E<!Xi%C !%`;%w!c%Xl^X^W[X
[\]^%
l%%C%jXt%_a "XC!#$" $
!D!DXx%A!%X[lXYZZ[X
Zk\ZW%
^%a%s%a< Xa%xF$!X`r<!E!D!<XF!! $
 !$E!; $!<E !#D ! $ !$
$"!q<D Dv` !"EdX
 E !; $" Ec!E!;E
"Xi%j e $%_ %XkWXYZZXYk\YYW%
YZ%x%s !Ec Xb%wc X?%ze<cXC%ze<c X
mc E# E!# r<<E<!<!;
"E"e$!<Fv $!F!! $r<!:
E!D! Xy%`;%y<%XYZZXYZ[X]l\]^ %^
Y%t%`%A"$Xb%_%b$ X%C%_"X&|:
 ; $!#!# r<<E<!
D"; !eE!%??%x# #$ $:
DD$<$\r<!E!D!<$!!Xi%b%
y%C%XW^X^kXYl[W\Ylkl%
YY%w%i%m!D;Xx!#!\| ;
!!E !!<<%??%a!!#
| ;Xb%y%C%X]X^][X]l^\]^%
Y[%x%bF!Xi%wx <E Xx"! Ey!"Xuj
B  $y%X|#$XYZZW%
Yk%%bF<Xw! !#r<!E!D!<XF!!
0/-'()*+,-./0+1240*0+)')*8,9'()G0'2(G1:
!#!FE>?@!yEE c<E; !X
x%A!%X[lXYZZYXl^\^^ %
 	



 !"#$%&'()*+,-%./)0(#./'(,123%&,45.6)
 1'7%&,18.%44)9'(:,%/#);;
<923%()=>?%)@A'#)BB?)*C?,$,-.,?&'(7
DEFGHEIKLMNOPHENFMHQLRNSHTGKLMNOPHEUGOGVNUKW
#X2.YZ0[?4,(/&#7,\%7]3%'5.%4,7?%)^2#$#,7
0(5%.X91,)_`a);;)<b<`
